Introduction
For a long time considered complex, costly and commercially ineffectiveness, magnetic bearings (MBs) have proven their effectiveness, reliability and competitiveness in industry, where the numbers of MB applications is rapidly growing. This can be mainly attributed to the fact that MBs show a number of important advantages over conventional bearing technologies, such as lubricant and contamination free operation, suitability for high speed and high performances applications and inherently built-in instrumentation facilities for system monitoring 1, 2).
The repulsive-type magnetic bearing, which has the passive control utilizing the repulsive forces and active control along the axial direction, is superior compared to other magnetic bearings in respect to reduction of the number of peripheral devices. Also it has soft and constant stiffness for passive control axes 3). We employ this type of bearing for manufacturing balance equipment for measuring micro masses, this equipment measures the mass eliminating the effect of gravity change because a controlled balance beam is used for the measuring. Also, since there is enough distance between the sample holder area and the measuring device area, this equipment can be used for thermo balance applications to detect the mass 
Configuration of the system
The basic structure of the system consists of two main parts, the axial shaft and the balance beam. These two parts are attached together at the center point, where a permanent magnet unite which is shown in Fig. 1 is installed for levitating the whole set stably along the radial direction. The axial direction is stabilized by the help of a controlled electromagnet however, the complete setup of the balance equipment is shown in Fig. 2 . The controlled electromagnet is located at one side of the shaft where a control system designed for stabilizing the shaft receives the information of the axial position of the shaft from a gap sensor installed at the other side. The gap sensor consists of light emitting diode (LED) and a photo diode, where a shutter is lying in between. The quantity of the incident light is changed as the position of the shutter is changed and as a result, the output voltage is also changed. For the balance beam, a voice coil motor (VCM) consists of an iron yoke, two pieces of permanent magnets attached to the yoke links and a coil located inside the gap of the yoke is installed at one side of the beam, this device is considered as the measuring device, where the coil current is used to express the mass of the sample which is added to the mass holder located at the other side. The VCM receives a signal from a control system in order to change the coil current according to the information of the vertical position of the beam from a gap sensor installed beside the holder. 
Mathematical modeling and control
The mathematical models for both the shaft and beam have been derived and explained in details in reference No. 4 and also the state space equations used for designing the control systems are included. As mentioned earlier, two gap sensors are installed to detect the position change of both shaft and beam. Two controllers receive the position signals through A/D and send the control signals to the system through D/A. these controllers are implemented around a DSP, where the control signal flow diagram is shown in Fig. 3 . The control current of the electromagnet is changed to adjust the attractive force to be equal the axial repulsive force at any instant to keep the shaft stable along the axial direction. On the other hand when a mass is added to the mass holder the VCM current is changed to adjust the attractive force to keep the beam at the same steady position. The controllers are simulated by the help of MATLAB SIMULINK. 2 (a) In case of increasing the mass.
(b) In case of increasing and decreasing the mass. In this test, the balance is calibrated and after that many different masses in the range from less than 1 mg to 100 mg are measured. Fig. 5 shows the accuracy error percent vs. masses of different samples and it is found that the maximum error is about 0.73% of full scale (100 mg). 3 This difference is attributed to the assumption that the operating current and the change in the beam position (hysteresis of the beam position along x-direction) are same for all cases during the simulation. Also, neglecting the small terms while deriving Eq. (3) is another reason For estimating the hysteresis at zero flux density gradient the hsyteresis is measured in case of 0.5-mm thick of permalloy is attached to the PMs of the VCM in order to have a data of four points and as a result the estimation can be done more accurately. As mentioned earlier, the hysteresis is still exists even complete flux density is achieved. So, there should be some other reasons cause the control current hysteresis. 
Conclusion

